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This invention relates to a metallic liner for use msicic 
casing in a wcii. More particularly, il relates to a n«etaUic liner suitable 
:".»r rxpar-.iion to form a patch for casing in wells and by which a good seal is i% 
lurnicd and maintained between the casing and liner. 

The piK.scnt application is a division of Canadian application 
Seriai Number 830, 308 filed Auru;»1 23rd. 1961 and is being filed as a result 
of a r^iquircmcnt by the Paieni Office. 

A principal use for liners in wells ie to avoid the necessity 
:or running an entire string of amallcr casing in a well which already has a 
10 larger s;ring of casing. Possibly the most common use is in the bottom of 
;nc well where the existing casing docs not extend to the bottom of the well. 
;» ih;s u:>o, a short liner is lowered through the casing into the bottom of 
the well where a seal is formed between the liner and casing to provide a 
metallic liner in the well to substantially its full depth. In such cases a seal 
oetweon the liner and casing is generally provided by Portland ccmcnr pt>mped 
;:i oack oi the liner to fill (he space between the liner and casing. Such seals 
arc seldom perfect. As a result, if the pressure of fluids from the forma- 
tions penetrated by the well is applied to the outside of the liner and casing, 
a leak usually results. 
20 The liner is rarely as thick or strong as the casing. \Vhen 

pressure is applied outside the liner and casing, the liner is compressed 
;. ^^ro than the casing and a crack, forms between them even if none existed 
oiriore. As soon ae an opening is formed for en:rance of fluids between the 
cabin^ and li.ier. tiie pressures inside and outside the casing tend to become 
oa;anced, permitting the casing to return to its unstressed condition. This 
farther widens the opening between the casing and liner. Since the .wider the 
opening* the more the casing stress is relieved and since the more this stress 
is relieved, th? wider the opening becomes, it is apparent that a leak between 
the casing and liner can hardly be avoided even though a long overlap of cas< 
30 ing and liner is provided. 
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This problem is parlicuUrly acute it' .t is dcBirod to pUcc 
a Mccl Uncr or patching atccl sleeve over parted casing or a .pUl or hole in 
cAMng. In this case, it is difficult to place Portland cement between the 
casing and hncr and hold the cement in place until it sets. In addition, the 
application of pr sure outside the liner quickly causes leakage in the manner 
just described . 

With these problems in mind, an object of this invention is to 
provide a metallic liner inside well casing or other cylindrical mctaU.c 
vessels which may be set in accordance with the method and apparatus dis- 
closed and claimed i« the aforementioned application 830. 308. A seal may 
be established and maintained between the liner and casing even when pre*, 
sure is »D?lied outside the liner, as through a hole in the casing. 

In general, I accomplish the objects of my invention by using 
a vertically corrugated metal liner. The external cross-sectional perimeter 
of this corrugated liner is greater than the internal cro..-.ectiooal circum- 
ference of the casing, but the maximum external cross-sectional dimension 
of the corrugated liner is less than the internal diameter of the casing so the 
Uner can be inserted into the casing. A mat of glass fibers, preferably wov' - 
glass cloth, is placed around the corrugated Uner and this mat is saturated 
with a scttablc Uquid resin, such as epoxy resin, before the Uner is plac . d 
inside the casing. After the liner is placed at the desired location in the 
casing, an expanding tool is run through the corrugated liner to cause it to 
assume a cylindrical shape inside the casing. The liner i. thus left in sub- 
stantially maximum compressive stress, which is an essential aspect of my 
methcxl. 

In Che drawing, 

Figure I is a view in crosB-seclion of a preferred form of 

the apparatus for aetting a liner in casing; 

Figure 2 ia an isometric view, partly in section, to show 
the form of the corrugated Uner and the preferred form o. head for expanding 
the Uner; 



Figure 3 i. anolhcr view in ecciion of a poruon of the ap- 
or ri,urc . i. P.oce.. or exp.„ain« . co»u..c. Uner .,a.„. tHo 

in»ide surface of a casing: 

ngur. 4 .Hov,. a portion of . section of Figure > .long Une 



4-4; 



5-5; 



Figure 5 .hov,. a portion of . .ection of Figure 3 along line 



Figure b is a view in cross-section of another form of ap- 
,.r.u. of e.p.n.in« a corr.,atea tiner into contact .itH tWe insi.e 

10 surface of a casing 

1„ F.gure I. the corrugated liner tube 11 is mounted between 

11 TKi. connector U includes a top 
connector 12 and an expanding cone 13- The connecto 

co„p.... .... b p........ roa oon...,or - 

.,0-H.. P."P^.- " — °' 

system below. 

P<,.l.h.d r«i 17 . «".'•' " """"" 

... .7 Th. pu..» i«c.u-.. «-""'«■' '■" ^ 
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bore 24 of poUsheo rod 17. 

Piston 2S works in a cylinder 32 having a cap 33 through 
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which polished rod 17 pa,sc5. PaCKing S-l is provided .o form a seal between 
polished rod 17 and «p 33. Preferably. An O-ring 35 ie provided between 
.he cylinder 32 and cap 33 to insure a good seal between these members. 
Siceve 36 rests on tnc top of cap 33 a».i supports expanding cone 13. Sur- 
rounding sleeve 3f coUct head 37 with collet spring arms 35. The arms 
have an .nner surface which >s sp.-.ccd from sleeve 37 to permit inward move- 
ment of the arms. The arms also have slots 39 (Figure 2) between them to 
permit this same action. Near the tops of arms 38 are outwardly enlarged 
portions 40 wiuch perform the final forming action to force the corrugated 
liner into a substantially cylindrical shape as the cone and collet Head arc 
pulled through the corrugated liner tube by the hydrauUc pisto.. and cylinder 
arrangeme.-^t .^hown. Arms « are normally sprang out farther than shown 
,n Figure 1. In this figure, the arms are shown as being restrained by pro- 
jecting portions 41 which fit into a mating recess 42 in expanding cone 13. 
This permit, lowering th* assembly easily through the weiV to the desired 
location. 

:n Figure Z. an exterior view, partly in section, is presented 
to show more clearly the form of the corrugated liner tube and the spring 

arms of the collet head. 

rigure 3 shows a section of the corrugated liner tube as it 
,s being expanded inside casing 43. In this case, the tube 11 is shown covered 
by a sealing layer 44 made u? of glass fibers saturated with a liquid resin 
capable of being set to a hardened stale. In Figure 3. projections 41 are 
shown withdrawn from recess 42 so the arms have sprung out into the pos;- 
tions shown. The expanding cone and collet head have been forced part-way 
through the liner tube 11. expanding the liner into a substantially cylindrical 
form inside the casing with the glass fibers and resin forming a seal between 

the casing and liner. 

In operation, the liner setting tool ie asaemblcd at the sur- 
face, as shown in Figure. \ and 2. and gla.s cloth saturated with resip ia 
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wrappco around ihc corrugated lube. The assennbly is lowered inio the well 
in this condition to the location at which the liner is to be set. A liquid, such 
as oil, is ihen pump<jd into the tubing. The oil passes through the well tubing, 
pipe 11, polished rod 17, passages 30 and into the cylinder 32 above piston 
2S. As the pressure increases, the pressure on cap 33 causes it to rise, 
carrying sleeve 36 and expander head 13 upwardly with respect to the polished 
rod. Upv^ard movement of liner tube 11 is restrained by connector 12 attached 
to the top of the polished rod. Therefore, as expanding cone 13 risc.i. it ex- 
pands corrugated liner tube 11. At a level near the bottom of cone 13, the 
uncr has been expanded to the form shown in Figure 4. 

As cone 13 passes upwardly through liner tube 11. the bottom 
of the lube eventually strikes the enlarged portions 40 of the collet head 
spring arms. Wh'in this happens, upward motion of the coliet head is re- 
strained and causes projections 41 to pull out of restraining recess 42. The 
arms then spring outwardly, as shown in Figure 3. As cap 33 o.i the hydraulic 
cylinder continue** to rise, the cap comes in contact with the boiiom of collet 
head 37, forcing it through liner tube 11. The spring arms complete the 
expansion of the liner tube out against the inner surface of the casing, as 
shown in Figure S, except of course, for the sealing layer of glass fibers 
and resin between the liner and casing. 

When the upward movement of cap 33, collet head 37, and 
expanding cone 13 causes cone 13 to come into contact with connector 12, 
the upward motion must, of course, stop. This is indicated by an increase 
of pressure required to inject liquid into the tubing. The expanding core 13 
and collet head 37 may then be forced the remaining distance through the 
corrugated liner tube by simply lifting on the well tubing. This is possible 
because the frictional drag of the expanded portion of the liner against the 
casing is sufficient to hold the liner down against the upward pull of the cone 
and collet head. It has been determined, for example* that the liner will 
reaist a pull 12,000 pounds per inch of length of 1/8 inch thick liner set in 
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inch Casing. The upward furcc riM|iiircd to ;»»in ihr expanding cone 
.ii.o Ci»ll»*l ntMi] tliroug'u the 1/8 inch thick Unor in the S-l/Z inch caning varied 
I'rom about 15,000 to about 60,000 pounds, depending upon weight of casing. 
111! A vie r casing being smaller in internal diameter. U will be apparent that 
atier only a few inches of the liner i»avc been expanded against the casing, 
connector 12 is no longer needed to hold the liner down while ihc tube is 
boing expanded* 

Aa alternative procedure when cone 13 atrikca cotM.'^cior 12 
is to release the pressure on the tubing, raise the well tubing two or three 
/cct. secure it firmly at the surface and then resume injecting hydraulic 
fluid in.o the tubing. liaising the well tubing .will lift connector 12 tw*o or three 
feet «bove the top of the liner. Expanding cone 13 and collet head 37 can then 
be forced on through the liner tube by injecting hydraulic fluid through the 
tubing. 

As soon as the cone and collet head have been pulled com* 
pleiely through the liner, the tubing and liner setting assembly are removed 
from the well. To avoid pulling a wet string, it is possible to include a brcak- 
of: rciici s^^al SO in the well tubing 15 above cap 23. This seal can be broke • 
o:*: by dropping h go-devil down the tubing. Breaking of the seal allows the 
liquid in the tubing to leak out as the tubing is pulled from the well. 

The apparatus shown in Figures 1 and 2 relies upon the ac- 
tion of hydraulic pressure to force an expanding cone and collet spring head 
through a corrugated liner tube to expand this tube into a substantially cir- 
cular shape inside the casing. This apparatus is preferred because of its 
simplicity and ease of manipulation. It will be apparent, however, that 
oihor apparatus can be used to expand the corrugated liner tube. Another 
apparatus is shown ia Figure 6. In this apparatus the corrugated liner tube 
11 and the expanding cone 13 are the same as in Figure 1, but the remaining 
equipment is different. 

In the apparatus shown in Figure 6, the corrugated tube 11 
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;> :-i Sir.-t»:).:u ai;;i»nsi u;.wAra movcmonl by sli;*s 60 which at.; ;.i 
:i.;a,: oa ihc ouisiuc surUcc of sWpf* cunc o^. A hoUcal spring 61 ;n >;roovc 
;m in.: out.:r surface of slip.H 60 UoMs ih« Sups in n normally r.:ir.icicd posuion. 
On ihc lop of cone 62 is a cylinder 63 having cxicrnal threads. On the bottom 
cuntf 62 is anoihcr cyUudcr.or collar 01. 

The cone 62 slidos upon a hollow conduit 65. which is at- 
t,.chcd through collar 66 to well tubing or drill pipe on which the assembly 
IS lowered into the well. The bottom portion of conduit 65 carries external 
j;ruovc3 o7 in which slide keys 66, which are attached to the inner surface of 
10 coiiar 6-;- These keys cause cone 62 to turn with conduit 65. Slips 60 are 
restrained from turning by drag arms 70 which contact the well casing. 
Thus, when the apparatus is in a well and conduit 6S is turned, cone 62 turns 
with respect to slips 60. This causes the ends of spring arms 71 to move 
in the threads of cylinder 63 to move the slips up or down on the outer sur- 
face of cone 62. 

On the bottom of conduit 65 is mounted a thick- walled , hollow 
body 73. In the walls of this body arc mounted radially acting pistons 74 
which operate in cylinders 75. A sliding seal is provided between the pistons 
r.nd cylinder by packing, such as 0-rin« 76. A stem or rod 77 on piston 74 
20 extends through a passage 78 in the outer wall of body 73. A sliding seal 

around the piston rod is provided, as by O-ring 79- The outer end oi rod 77 
contacts arm 61. wnich is pivoted on pin 82, which is attached to body 73 
through mounting bracl^et 83. The bottom of conduit 65 is closed by cap 84. 

In operation, the apparatus is assembled at the surface, a 
wrapping of res; n - satu rated glass fabric is applied to the corrugated tube, 
and the assembly is lowered into the well on well tubing to the level at which 
the liner is to be set. The tubing is then rotated to the right. This causes 
cone 62 to rotate with respect to slips 60. drag arms 70 restraining rotation 
of the slips. The relative rotation of the cone and slips causes the ends of 
30 spring arms 71 to move upward in the threads of cyliUer 63 on the top of 
cone 62, raising sKps 60 with respect to cone 62, The upward movement 
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o:" siipi 60 with rvspcci to cone 62 rcsuUr* ia ihc outward movcnicn: of the 
s\ips until ihcy come in conc.ict with the casing. Lifting of the tubing now 
causes the corrugntcd liner tube 11 to push firmly Against the slips And set 
them more firmly against the casing wall. 

Continued upward pull on the tubing forces the expanding 
cone 13 into the liner II until arms Bi come in contact with :hc liner. At 
or before this time hydraulic pressure is applied through the tubing and 
conduit 63 to the pistons 74. The Amount of hydraulic pressure can be care- 
fully controlled to provide the desired amount of force on arms 81 to insure 
proper forming of the corrugated liner tube into a cylindrical shape without 
applying a force sufficient to damage the casing. 

The expanding cone 13 and arms 81 can be forced through the 
liner tube by continued upward pull on the tubing until expanding cone 13 
comes in contact with collar 64 on cone 62. Further upward movement ox 
the tubing and expanding cone 13 then moves slips cone 62 upwardly u;th 
respect to sUos 60, thus releasing the slips. Thereupon spring 6l collapses 
the slips and allows them to move upwardly with the rest of the assembly. 
Corrugated tube 11, at this point, no longer requires the holding action of 
the slips. As explained previously, the frictional drag of only a few inches 
length of the liner set inside the casing is enough to hold the tube in place 
while the expanding cone 11 and arms 81 are pulie4 through the top portion 
of this corrugated liner tube. 

As soon as the expanding cone 11 and arms 81 clear the top 
of the liner tube, the assembly can be simply withdrawn from the well, i^re- 
ferably, break-off release seal 50 is provided and is broken by dropping a 
go-devil to permit any liquid to drain from the tubing and thus avoid pulling 
a wet string. This also avoids any hydraulic head of liquid in the tubing from 
acting on pistons 74 to force arms 81 outwardly against ihe casing wall as 
the assembly is raised up the w«U. 

Still other apparatus and methods will occur to those skilled 
in the art for performing the specific etep of reforming the corrugated liner 
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iab« into substanaally cyliadrical shape against the inner suifacc of u.^' casing 
The principal requirement is simply to expand the corrugated Uncr tube out 
against the inner surface of the casing, reform it into substantially cylindri- 
cal form and ' ^avc it in a state of substantially maximum compression. 
AUhough a few comments rcgardLng this action were includ.rd in ihc des- 
sciption of the operation of the apparatus shown in Figure 1, a more com- 
plete explanation of the principles involved is probably advisable. 

The action depends upon the design of the corrugated liner 
tube. In it3 corrugated from the maximum cross-sectional dimension must 
be less than the internal diameter of the casing so the liner can be run into 
Uie casing. After reforming into cylindrical form within the casing, the liner 
is to be left in substantially maximum compressive hoop stress. This means 
that the external cross-sectional periphery of the corrugated tube must be 
larger than the internal cros s-sectional circumference of :he casing so the 
final forming operation will place the liner in compression. The expression 
"ejcpanding" the liner into contact with the casing may be misleading. The 
expanding cone does expand the liner in the sense that it forces, the outer 
ridges of the corrugations outwardly until they come in contact with the casing 
Then the inner corrugations are. in a sense, expanded radially outward to- 
ward the casing. It will be apparent, however, that the only way the inner 
ridges of the corrugated liner can move outwardly, if the outer ridges have 
contacted the casing, is by compressing the wall of the liner. When the 
inner ridges of the corrugations arc still a considerable distance from the 
casing, a rather large radial force may be required to compress the l;ncr 
watl and cause radial movement outwardly toward the casing wall. After 
the liner reaches Jie position shown in Figure 4. however, a small radial 
pressure near the middle o£ the remaining arch causes a very large force 
in a direction circumferentially around the liner. The reasons are the same 
as those which cause a Urge force along the walls of any flat arch when a 
small loa/ is placed on the to? of the arch. As a result, once the expanding 
cone has formed the liner into the shape shown in Figure 4. the spring arms 
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3i5 in Figure I, or ihc hydrAulicaUy driven arms 81 in Figure 6. nc*:d to 
cxorl only «i small radial furcc to complete ihn forming of the liner into a 
•lubscantially cylindrical shape inside the casing. 

Equipment such as thai .shown in Figure 1 was designed prin- 
cipally to 't a liner in inch casing oi' IS-i/Z pound weigh:. Th*s 
c<;uipmcni was also used succe.nsfuity to set liners in 15 and 17 pound casing 
of 5-1/2 inch size. A few data on use of the dcsi|^n in the 5-1/2 inch, 15-1/2 
pound casing arc of iatcrest. In all these cases, the liner was formed from 
5 inch diameter seamless mild sicci tubing with a wall thickness of 1/6 inch. 
This tubing was vertically, that is, longitudinaUy corrugated by drawing u 
through a die to form eight corrugations having an average bending radiuj 
of about 3/6 inch. The maximum cross-sectional diameter of the corrugated 
lube was about 4-1/2 inches. In forming the corrugations, the mcial was 
stretched at the outer ridges and compressed at the inner valleys to produce 
an external cross-sectional perimeter about 2 percent longer than ;he original 
external circumference of the tubing. 

The glass cloth was what is known as woven roving and was 
saiuraied with epoxy resin containing a polyamide catalyst to make the losm 
set alter the liner was expanded in the casing. In the final lined casing, the 
layer of glass fibers and plastic was found to average about 0. 025 inch m 
thickness. The coUei head was divided into eight spring arms, a little less 
than 2 inches wide. The radial forces of the spring arms and the forces 
required to pull the expanding cone and collet head through the corrugated 
tube are shown in Table 1. 



TABLE I 
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W eight of 

5- 1/2" Casing 

14 

15 

15-1/2 
17 



Radia I Spring 

Force, 
Pounds per Arm 



1700 
2750 
5200 



Force to move Cone and CoLIet 
Ho^d through a Iin<:r, Pound-s 
Cone Collet HcacT ToTaT 

7600 2400 lOOOC 

10500 4000 14500 

15800 6700 22S00 

22300 10200 32500 
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Tfic radial spring torccs wcrc determined by measuring ihc 
insidc diarr.ricr of the liner set in each woi;;hl ol pipe and then reading oi£ 
the Appropriate force figure on the caiibraiioii curve of the spring. U the 
liner had been reformed into a compiclely cylindrical form in the i ;. pound 
casing, the internal diameter of the Uncv would have been greater than the 
completely expanded diameter of the c /.lct spring arms. Aciu.iliy, the 
liner was not complclcly reformed into a cylindrical shape in the l4-?ound 
casing so th-i spring arm force approached but did not reach 0 pounds. 

In the case of ihc force required to pull the expanding 
10 cone and coUcl spring head ihrough ihe Uncr in the various weights of cas- 
ing. these were separately determined and then simply added to obtain 
the total figuri-. The acutal total force necessary to pull both the ex- 
panding cone and collet spring head through the liner simultaneously was 
generally soncwhat higher than the figure shown in Tabic I. In the case ol 
one Uncr sci in a 17-pound casing, for example, the interior surface ox 
Owe liner was not weU lubricated so the expanding cone and collet head moved 
Ihrough the liner in jumps. The total force in this case sometimes approached 
oO.OOO pounds. This total force was determined by multiplying the hydraulic 
pressure in the cylinder by ten since the area of the hydraulic piston was 10 
20 square inches. Since tensile forces of 75.000 pounds are sometimes imposed 
on two-inch well tubing in other well operations, it will be apparent that this 
tubing could be used to p^ll the expanding cone and collet spring head through 
the liner used in this work in a 17-pound 5-1/2 inch casing even with a poorly 
lubricated liner. It will also be apparent, however, that if the liner is lo be 
expanded in ZO-pound. 5-1/2-inch casing, some changes should be made. 
For example, a weak-.r spring may be used in the collet head, a liner Either 
slightly smaller in circumference or slightly thinner may bo employed, a 
belter lubricant may be applied to the inside of the Uncr. or a stronger con- 
duit such as 3-inch tubing, or drill pipe may be used. 
3Q ii v/ill be apparent that some Itnriitations should be observed. 

The principal limitations concern the corrugated Uner tube and the casing in 
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uhich ii is to be set. A brief coiii,'>Ari3on of the circumference of the liner, 
.iiicr being set in the casing, to ihc perimeter of the corrugated liner before 
setting, shows clearly that the yield strength of the liners was cxcccdrd so 
that in most of the reforming operation the liner material was in pl«-t5tic 
flow. This mCrtiis that after the liner was reformed into a cylindric.^ I .shape 
;ns;ide the casing, the liner was in maximum compressive stress. The cas- 
ing must be, of course, in sufficient tensile stress to hold the liner in maxi- 
mum compressive stress. It will be obvious then that if the liner and casing 
arc of ihc same metal, the liner must be thinner than the casing or the maxi- 
mum tensile strength of the casing will be exceeded and ii will burst. 

Actually, the casing should be considerably thicker than the 
liner. This is because after the collet head arms have reformed the liner 
into substantially cylindrical shape, these a; ms continue to exert the radial 
force shown in Table 1. Thus, the casing must withstand not only the stress 
imposed by the liner, but also the stress imposed by the spring arms of the 
collet head. Ordinarily, the stress resulting from the spring arms is much 
less than that resulting from the liner. The principal reason is that the 
force of the collet spring is applied to only a very short section of casing, 
so the casing on each side of the collet head helps to oppose this force. Ir. 
order to have some margin of safety, however, it is generally advisable to 
use a steel liner which is not more than about ono half as thick as the steel 
casing in which it is set. 

Of course, there arc many types of steel used ia wells and 
the liner can be made either of steel or of several other types of metals 
or alloys, such as aluminum, aluminum alloys, brass or the like, to meet 
special requirements, such as corrosion resistance. The more general 
limitation can be stated, therefore, that the maximum compressive strength 
of the material of which the liner is made times the wall thickness of the 
liner must be less than the maximum tensile strength of the material of which 
the casing is made times the wall thickness of the casing. This limitation 
includes th . eutrsme case where the stress imposed by the collet head arms 
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is so small ihai il can be ignored. Generally, a liner wall thickness of only 
about one half the indicated value should be used to allow for a margin of 
safety. 

The liner should be annealed after forming into the cor- 
rugated shape in order to reconvert the metal into a more malleable form. 
Otherwise, the work ha rdening which results from the corrugating operation 
may cause thi liner to crack when reformed into cylindrical shape. If steel 
is used as a liner material, the radius of bending at the corrugations, ridges 
and valleys should be at least about three times the thickness of the metal 
10 to avoid cracking the ateel when the corrugations are made. Preferably, 
the bending radiua should be such that the corrugations are formed of arcs 
of circles. 

The number of corrugations is controlled principally by the 
limitation on bending radius. Thus, if the liner wall thickness is 1/8 inch, 
the bending radius is about three times the thickness and ll*e depth of cor- 
rugations is about six times the thickness, the distance between ridges of 
the corrugations will be about i-l/Z inches. A distance of about Z inches 
is preferred for this liner thickness in order to avoid the danger of cracking 
the liner during the corrugating and setting operation. Using this approxi- 
20 mate 2 inch spacing between corrugations, the numbers of corrugations for 
liners of 3.4-1/2 and 6 inches in maximum cross-sectional dimension are 

5. 7. and 9, respectively. It is generally simpler to use even numbers of 
corrugations and collet head springs so the numbers should preferably be 

6. 8, and 10 for the 3. 4-1/2 and 6-inch liners. These dimensions were 
selected s.ncc they are approximately correct for 4, S-l/2 and 7-inch cas- 
ing respectively. 

In order to leave the liner in maximum compressive stress 
within the casing, U is necessary that the external cross-sectional perimeter 
of the liner be greater thaa the internal circumference of the casing. The 
30 amount by which the iiner wall must be compressed to insure that the liner 
tube reaches maxixnum compression is usually less than about 1/4 of I per- 
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cent. When a liacr of glass fibers and pUstic is proviiIi*a hrtwcon ihc iincr 
and iho casing, and if the perimeter of the corrugated hr.cr in any greater 
Than the internal circumference of the casing, this reciuircmcnl is satisfied. 
The Kipprr limit on amount by whicn the corrugated liner perimeter exceeds 
U^c internal circumference of the casing is controlled principally by ihc 
force required to force the expanding cone and collet head through the liner. 
If the corrugated liner perimeter is more than about 10 percent greater than 
the internal casing circumference, the work required to reform the liner 
into cylindrical shape inside the casing will be great. The force required 
to move the expanding heads through the liner at a desirable rate will be 
correspondingly great. Therefore, the corrugated liner external perimeter 
should ordinarily not exceed the casing internal circumference by more than 
about 10 percent. In the case of the liner set in the 17-pound, 5-1/2-inch 
casing in Table 1, the perimeter of the liner was about 4 percent greater than 
the internal circumference of the casing. 

While the ridges and valleys of the corrugations are pre- 
ferably parallel to the axis of the liner tube, it will be apparent that a tube 
in which the corrugations spiral around the lube to some degree may also 
be used. Preferably, however, the tube should be substantially longitudinally 
corrugated. That is. a ridge of the corrugations should not vary more than 
about an inch or two from a line parallel to the axis of the tube in a foot- long 

section of the tube. 

The radial force exerted by the. spring arm of the collet 
head should lie within certain limits. As shown in Table 1. however, satis- 
factory results can be obtained when these limits arc rather wide. The force 
should be at least about 1,000 pounds for an arm about 2 inches wide in order 
to insure a good reforming action on the corrugated liner. Preferably, the 
force should not be greatly in excess of about 5.000 pounds, principally to 
decrease the drag of the arms as they are forced through the liner* Aa pre- 
viously noted there arc several ways to overcome this problem so even 
greater radial forces are often permi^oible. Ordinarily, however, they are 
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not required. The 5«m« range of radial force. appUe.. of course, to the 
hydraulicaUy-drivcn arms shown in F.gure 6. In general, the radial force 
may be said to be sufriciently great to expand tho corrugated tube mlo sub- 
stantially cylindrical shape without imposing a tensile stress in the casing 
in excess of the maximum tensile strength of the material of which the casing 
is made. 

The glass fibers which are applied outside the liner and are 
saturated with liquid resin can be of several types. In selecting an appro- 
priate type, the principal functions of tKc g.ass fibers should be borne in 
mind. The main function is to carry sufficient resin to fill irregularities 
between the casing and liner and to fiU holes through the cas.ng. forming a 
.utton outside of the casing wherever possible. External pressure appUed 

such a button forms a pressure-actuated seal. The glass f.bers must also 
form barriers to prevent excessive flow of the resin from between the liner 
and casing until the resin ha. set to a hardened state. To do this, the gl.ss 
fibers must withstand the full radial pressure applied by the liner against 
•he casing. It must withstand this pressure permanently, with the aid of 
the hardened resin, since it is the existence of this pressure .hich prevents 
leakage between the liner and the casing. 

The eUs. fibers best adapted to these purposes are obtained 
in the form of cloth, woven of threads which are. in turn, spun from very 
an. glass fiber., preferably less than O.OOl inch in diameter. M.ts in which 
a.e threads are stuck together with an adhesive or plastic may also be used. 
The glass mats may be simply wrapped around the outside of the corrugated 
U„„ and held in place by bands, threads, or wires. Preferably, the glass 
is glued to the corrugated surface of the liner. In this case, the resin 
„ay be applied with a blade or w.re brush after the glass mat is glued to 
the liner surface. U the mat is simply wrapped around the liner, the resin 
i. most conveniently applied to the glas, mat. again with a blade o, wire 
brush, before the mat I. wrapped around the line.. lo any case, the glass 
mat .bould be thoroughly saturated with the resin. 



Any r<*i«ii» whirh w iil i:iirc or sol ha r»i , fiihcr iwiluraliy or 
a iciAlly . in ihc well "i.»y cmployriJ. Typically. iKcs.? rcatns arc ihcr- 
iv.iv;tit»n^ rrsin*. i.e. , rosins whici* arc cAjMh'iir of uiuh* r>;oiin; a ^x.* r inancnt 
physiv-a'i undrr ihc iufUicnco of well innpc r»^turc or an artiftcially 

i:uiiivro hi^.ior lompc ralur c . rolyc.-»icr or %ipoxy rcsius iff oxamplos. Other 
!cui;.\i«;i* ro:v.f.s include iiroa. rosorcinol. and phrnoi Cornialdchydcs . ami 
iho Ukr. The reaction prodvici oi cpichloroKydrin and bisphonol i» an ex- 
an^p^ ci a ^>rcferrcd cpoxy rosin. As is well known in this arl, these rcbins 
tv.ay be coir.bmcd and various catalysts or curing agcni8 employed in various 
cor.ccn:rai;ons so that the selling or curing time or pot life lor various well 
dopt.is or various teinpcraiures may be controlled. The reaction product oC 
diir.er and irimcr vegetable oil acids with polyamincs such as oii^ylcne diamine, 
or preferably dieLhylenc triaminc. is an example of a suitable catalyst for 
epo.xy resins. Such resins when set. i.e., when they arc cured sufficicnliy 
to be self-supporting and relatively rigid, arc referred to herein as plastics. 

As previously noted, a lubricant should be applied to the ia- 
sido surface of the corrugated liner tube to decrease frictional drag on the 
expanding cone and collet head. Use of such a lubricant i- not essential, 
but is recommended. The lubricant may be mineral oil, vegetable oil such 
as cottonseed oil, or animal oil such as sperm oil. It may also be in a more 
solid form, such as paraffin wax, bees wax, tallow, or the like. A pre- 
ferred lubricant is made up of about 90 percent osokeritc, or its purified 
form cercsin wx, and about 10 percent of finely divided particles of malle- 
able material, auch as copper, lead, gxaphite, nutshells, or the like. 

The principal application of the apparatus and method is to 
patching holes in casing in wells. These may take the form of small holes, 
large holes, parted casing, splits, or the like. The apparatus and method 
are also applicable to casing which has no holes. Thus, the patch miy be 
applied to a bcdly corroded section of casing before any actual holes appear. 
It may also be applied inside relatively uncorrodcd csing to strengthen the 
casing ..i^alost external pressure, for example. la a broad sense, a well 
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caninf( m one cmboiJimcnt t>( A prc^mirc vcsJicl. Thu.i, ihc p.itch shoulo be 
considorcd applicable lo other veaaeln. pnrlicuUrly thouc tiubji:ct<Mi to cx- 
tcrnAl pressure euch as unUcrwaler •lora^^c tanks, or lh«5 like. Still other 
applications will occur to those skiltrd in the art. 

When a parch is set in cnninn, it frequently cxHtncis ncross 
a weak, pcrioratcd or split section of CA/iing .%nd the ends are Ht:i insid»! of 
better sections of the casing. It is in these end sections of c:tsinj; that the 
principal seal is generally made. Therefore, the limits 8t.ii#:d above as to 
the strength and thickness of the casing arc intended to apply to the stronger 
10 portions in which the ends of the patch arc set rather that the weak or split 
portion opposite the center of the patch. 

When a patch is to be set across the gap in parted casing, 
for example, the coating of glass fibers and resin can, at least theoretically, 
be omitted from the center section opposite the gap in the casing. Actually, 
however, it is usualiy important lo have the coating of glass /ibcrs and rcsir. 
extend over the entire length of the corrugated tube- The princip.'il reason 
i* to provide corrosion rcBistancc. The resin-saturated glass fiber mat 
protects the liner from corrosive fluids outside the casing, in addition, m 
setting a patch in a deep well, it is difficult to place ii exactly where desired. 
20 Therefore, at least a portion of an uncoated section of the liner might be 

placed opposite th-s casing itself rather than opposite the gap in the casing, 
it has also been noted that the resin lends to form a fillet again.*it the ends of 
the parted casing. This fillet usually forma a pressure-actuated seal against 
ihe casing ends and aids in preventing entrance of fluids between the casing 
ar.d liner. For all theac reasons it is considered important that the coating 
of ^lass fibers and resin extend over the entire out-sidc surface of the cor- 
rugated tube. 

In the foregoing description, many specific malcrialt are 
mentioned. For example, glass fibers or glass fabric is suggested. U will 
30 be apparent that other materials which arc physically equivalent to those 
named should be considered to be within the scope of my invention. For 
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CN.t '"^]>lc, some types of strong rock wool fibers should be considered the 
equivalents of glass fibers if ihoir physical properties are aubatantiAtly the 
same as those of glass fibers. 
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The embodiments of the invcMion ;n which an .t.xclusivtt 
property or privilege is claimed are defined as follows: 

1. An article of manufacture suitable for expansion to form 
A patch for casing In wells, comprising a longitudinally corrugated tube 
of malleable metal and a mat of glass fibcro attached lo the outer surface ■ 
oi said corrugated tube and in contact wiih iiubsiaiUially the entire outer 
surface of iaid corrugated tube, said mat being capable of carrying liquid 
resin. 

Z, The article of claim 1 in which said mat is formed of 
glass cloth woven from threads spun from fibers lens than about 0. 001 inch 
in diameter. 

3. The article of claim 1 in which the radius of curvature 
oi the corrugations of said tube is at least about three times the wall thick- 
ness of said tube. 
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